The Sensory End-Organ of the Hairless Skin of the Cat1  by Winkelmann, R.K.
THE SENSORY END-ORGAN OF THE HAIRLESS SKIN OF THE CAT*
R. K. WINKELMANN, M.D., PH.D.
The major portion of the sensory innervation of the skin of man and of the
cat is composed of the nerve networks of the dermis and the nerve networks
about the hair follicles (1, 2). Only in special glabrous regions have other end-
organs been demonstrated. In man it has been possible to show that three
specialized forms exist: the mucocutaneous end-organ (3), the tactile endings of
the distal glabrous skin (the Meissner corpuscle and tactile disk of Merkel-
Ranvier) (4), and the Vater-Pacini corpuscle (5). The Vater-Pacini corpuscle has
been found in the cat in its usual form. The purpose of this report is to describe
for the first time another end-organ in the skin of the cat, which has a special
structure and location and presumably a special function.
METHODS
Two square centimeters of epithelium were excised from the lip, eyelid, perianal
region, genital region, digital pad, tongue, palate and cheek of a cat, and fixed
immediately in formalin without buffer. Frozen sections were cut at 50 microns and all
of the specimen was stained with a rapid silver method described elsewhere (6, 7). Tissue
from additional animals was stained with silver to amplify results in special regions as the
genitalia, and with the Masson trichrome stain and with hematoxylin and eosin after im-
bedding in paraffin. Methylene blue had been injected intra-arterially by the method of
Essex and Rezende (8); and after overnight fixation in cold ammonium molybdate, frozen
sections were cut at 75 microns and mounted in glycerin. These sections maintained the
stain well for more than a week. The wax reconstruction was done in the usual manner.
RESULTS
On study of the sections under the microscope the sensory end-organs were
noted in tissue which was stained by either the routine hematoxylin and eosin
method or one of the special histologic methods. The principal feature—the
convoluted capsule—was seen also by contrast in most of the sections stained
for nerve tissue. The sections processed with methylene blue were unsatisfactory
because of lack of contrast staining in the background. The silver-stained frozen
sections were valuable because in them it was possible to increase the background
staining to any desired level in order to stain the capsule in a more definitive
manner.
This sensory end-organ was seen to consist of a convoluted myelinated fiber
with a multilayered cellular capsule about it. The contents of the capsule ap-
peared finely granular and in some sections rather hyaline. The end-organ ap-
peared to be coiled on itself many times, as is shown in figure la. It was evident
that the end-organ was supplied by large myelinated nerves, and more than one
end-organ was innervated by divisions of one large nerve trunk; this produced
an effect of clusters of end-organs.
* From the Section of Dermatology, Mayo Clinic, Rochester, Minnesota.
Presented at the Eighteenth Annual Meeting of The Society for Investigative Derma-
tology, Inc., New York, N. Y., June 1, 1957.
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Fio. in. A typical end-organ from the cat's lip. The multiple coils are clearly shown.
The central myehnated fiber is surrounded by a distinct homogeneous capsule (frozen sec-
tion, silver; X530). b. A typical end-organ from the perianal region (frozen section, silver;
X500). c. An end-organ in the tip of the tongue, showing its close relationship to the rete
ridge of the epidermis (frozen section, silver; X600). d. A vertical section through the cat's
paw, showing the end-organ in close relationship to the epidermis (frozen section, silver;
X16O).
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End-organs of the type described were found in all the areas of glabrous skin
of the cat investigated. In the lip the end-organs (fig. la) were found in com-
paratively dense concentration. In the perianal region end-organs (fig. 114 were
relatively sparse, being confined to the immediate zone of transition between
hairy and nonhairy skin. Also in the buccal membranes they were found in
FIG. 2. A horizontal section of the epidermal skin of the cat's paw, demonstrating that
the end-organs are to be found in most of the papillae (frozen section, silver; X525).
FIG. 3. A Vater-Pacini corpuscle from the cat's paw, showing its superficial position and
also the resemblance of its inner bulb to the sensory end-organ described herein (frozen
section, silver; X115).
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diminished density. They were seen in the tip of the tongue (fig. ic) and in its
sides, but were not located in the papillary structure of the major portion of the
tongue surface. They appeared sparsely in the palate. Several were seen in the
sample of cheek mucous membrane. The end-organs were numerous in the genital
regions of both the male and female, but were confined principally to the zone
of transitional skin. None were found beneath the vaginal mucous membrane.
The eyelid possessed a number of these end-organs in the zone of transition to
true mucous membrane.
Fin. 4. A wax reconstruction at 1000 diameters of the sensory end-organ of the cat. The
nerve enters the organ at lower left and terminates at upper left.
FIG. 5. From a cross-sectioned nerve bundle in a human penis, a collateral division
courses to the left. Staining of the sheath of this collateral nerve has produced a false end-
organ appearance (frozen section, silver; X150).
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These end-organs were found to be the oniy specialized ending in the papillary
dermis of the Cat's paw. A vertical section of a cat's digit disclosed the cat
end-organ within the papillary structure (fig. id), and they were seen in almost
every papilla (fig. 2). The Vater-Pacini corpuscle in the Cat is similar to that
described formerly in man in respect to morphology and location, except that
it may be more superficially located in the cat. One should note that the Innen-
kolben or inner bulb of the Vater-Pacini body has a morphologic appearance
similar to that of the special end-organ shown in figure 3.
In an effort to demonstrate the complex convolutions of the whole end-organ,
a wax reconstruction was made at 1000 diameters (fig. 4). It shows that the nerve
makes a total of 12 ninety-degree turns between its entrance to the end-organ
and its termination. Even in a 100-micron section it would be impossible to
capture all of this morphologic complexity.
Inadequate staining procedures in any tissue can produce artifacts which
resemble the end-organ (fig. 5). Such artifacts were not made visible by connec-
tive-tissue stains, and the trichrome stains were generally useful in surveying
tissue for actual sensory bodies.
COMMENT
The morphologic similarity of the end-organs from all parts of the hairless
skin of the cat indicates a common physiologic and functional basis for them.
The heavy myelinated nerve supply of these bodies appears to indicate that they
supply the sensation of touch. Their superficial location in the tissue layers
suggests that they subserve a more acute form of touch response than do the
hair follicles. This interpretation is supported also by the fact that they are in
the position and location in the paws taken by the Meissner corpuscles in the
primates. The presence of these end-organs in all the separate regions tested
gives a further basis for emphasizing the basic unity of the specialized end-organs
in the same regions in man. I have stressed elsewhere the fundamental relation
between the mucocutaneous end-organ and the Meissner corpuscle in man (3).
From their form it has seemed logical to consider them receptors of acute touch
sensation. However, function should be determined on an electrophysiologic
basis.
The sharp distinction between the end-organs of a lower mammalian form and
those of the primates is of great interest. It may well offer a means of following
the development of the phylogenetic series. It should be of help in tracing the
appearance of the functioning hand. Specialized forms of innervation exist where
special function is found, and therefore branches from the phylogenetic tree
such as moles, bats, and birds—may be traced on the morphologic character-
istics of the peripheral nerve.
The end-organ which I have described in the cat has potential experimental
usefulness. It is adequately large, sufficiently abundant, and readily enough
accessible to provide an attractive basis for experimentation. Here is an end-
organ that might be isolated and studied with microelectrodes by electrophysi-
ologists, and by such means specific function could be established.
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SUMMARY
The cat has two special sensory end-organs in contrast to the three such bodies
previously described for man. The end-organ described herein is an encapsulated,
convoluted ending with thick myelinated innervation. This end-organ found in
the mucocutaneous regions of the cat skin is found also in the paws in the regions
occupied by the Meissner corpuscle in man. Presumably this end-organ is a
receptor for touch sensation. It should be a useful basis for electrophysiologic
investigation.
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DISCUSSION
DR. IIRHEERT ME5CON (Boston, Mass.): I enjoyed this paper very much. The
theory of all of these end organs being of one basic chemical or physiologic
structure is a very interesting one. We have been able to also support histo-
chemically some uniformity between them. The histochemical stain for non-
specific cholinesterase shows staining of the Meissner corpuscle and the Pacinian
corpuscle. Do you have any additional information about this?
DR. 11. K. WINKELMANN (in closing): I can only quote Dr. Montagna on this
and he told me the non-specific cholinesterase is present in the bulb of the
Pacinian corpuscle, as within the Ranvier-Merkel discs. I have not done the
cholinesterase studies on this end organ, though one could predict it would be
positive. My principal work in the last six months or so has been trying to
visualize this end organ in vital preparations.
